Highlights of the Study
• Existing literature does not explain the mechanism of Extracorporeal Shock Wave Therapy (ESWT) in reducing Coccydynia
• This study shows that ESWT is a convenient, cost-effective method with low complication rates.
• ESWT provides effective pain control for chronic coccydynia Downloaded by: 54.70.40.11 -2/2/2020 2:21:38 AM A c c e p t e d m a n u s c r i p t
Introduction
The coccyx is the terminal portion of the spine and consists of four or five segments. It is associated with the fifth sacral and coccygeal nerve roots and the terminal sympathetic plexus. Coccydynia is defined as pain in the coccyx and/or coccygeal joints [1] [2] [3] [4] [5] ; it is five times more common in women than in men [6] . Pain related to coccydynia aggravated by sitting or prolonged sitting in the same position and cycling [1, 3, 7] .
Coccydynia most commonly occurs after a traumatic event but it also has less common non-traumatic etiologies. A fall on to the tailbone and subsequent nonunion of the fracture is the most common cause. Repetitive microtrauma, like childbirth a can also lead to pain and may help explain the increased incidence in women [3] . Trauma is the most common cause and is mostly associated with a fall onto the tailbone [1, 3, 7] . Repetitive microtrauma and infant delivery are other common causes [3, 4, 7] . The pain may also be related to lumbar stenosis and disk degeneration [1] [2] [3] . Rare etiologies, including chordoma or intradural schwannoma, infection, and idiopathic pain, may lead to coccydynia [1, [8] [9] [10] .
It is typically treated conservatively with modalities such as; anti-inflammatory drugs, rest, use of a seating ring, hot water bath, physical therapy, massage, injection of a local anesthetic or glucocorticoids to the coccyx, and manipulations [1, 6] . Coccygectomy is rarely recommended for patients who do not benefit from conservative treatment [1, 6, 9, 11] .
Extracorporeal shock wave therapy (ESWT) is a convenient, cost-effective treatment method with low complication rates [12] . It has been used successfully in the treatment of various musculoskeletal disorders, from nonunion of fractures, to chronic tendinopathies; calcific tendinitis of the shoulder, lateral and medial epicondylitis, avascular necrosis of the femoral head, jumper's knee, achilles tendinopathy, plantar fasciitis, and calcaneal spur. The exact mechanism by which ESWT in reducing the reduces pain caused by musculoskeletal conditions is unclear at this time [12] [13] [14] , and only a few studies have investigated ESWT for The aim of this study was to evaluate the efficacy of ESWT in the treatment of coccydynia.
Subjects and Methods
This retrospective study was approved by our institutional review board, and informed consent was obtained from the patients. Before the treatment, all of the patients reported the intensity of their pain using the visual analog scale (VAS), with scores ranging from 0 to 10 (0 for no pain and 10 for the worst pain) [15] [16] [17] . Their VAS scores were further evaluated at the end of the treatment and during the first and sixth months after the treatment. 
Statistical Analysis
Data were evaluated using SPSS for Windows 21.0 (SPSS Inc., Chicago, IL, USA).
Descriptive statistics were calculated as frequencies and percentages for categorical variables and as means, standard deviations (SDs), and medians for numerical variables. The distribution of the variables was evaluated using the Kolmogorov-Smirnov test. The Wilcoxon test was performed to analyze the dependent quantitative data and the McNemar test to analyze the dependent qualitative data. The significance level was set at 0.05.
Results
A total of 34 patients (29 women; 5 men) were analyzed. The baseline characteristics of the patients are shown in Table 1 .
ESWT was terminated in the patients when their VAS scores decreased to ≤3. This occurred after the 4th session in 2 patients, after the 5th for 2 patients, after the 6th for 6 patients, after the 7 th for 3 patients, after the 8 th for 6 patients, after the 9 th for 3 and the 10 th for 5 patients. The most majority patients completed their treatment in 6 to 8 sessions. The number of patients who completed their treatment during each session and their VAS scores are shown in Table 2 .
A significant decrease was found in the VAS score when the scores from the second, The scores for energy/fatigue and emotional well-being did not significantly change after the treatment (p ˃ 0.943, p ˃ 0.286) ( Table 4 ; Figure 2 : Changes in SF-36 scores before and after the treatment).
MRI revealed bone marrow edema in 32.4% of the patients before the treatment and 26.5% of the patients after the treatment; and this did not reach clinical significance. (p = 0.5).
There was no significant correlation between the duration of pain and number of ESWT sessions (p = 0.431, r = 0.139) and between the patients' age and number of ESWT sessions (p = 0.826, r = 0.039). There was no significant difference in the VAS score between the first-month and sixth-month follow-up sessions. We postulate that the pain intensity increased in these patients owing to the induction of inflammation by ESWT. The induction of inflammation has been suggested as a mechanism attributed to the effect of ESWT [27] .
Discussion
Another study performed in 23 patients with coccydynia who were followed up for 6 months after ESWT reported that ESWT had provided partial relief of pain and disability Emotional state and feeling of fatigue are parameters that can change daily and be effected by environmental factors. In general, it is claimed that physical therapy has a placebo effect and creates a pseudo-state of well-being and dependency in patients. As such, we postulate that ESWT does not yield major changes in emotional state and does not cause a false healing effect in patients. Conversely, we found significant differences in the other seven parameters of the SF-36 survey. We also observed significant improvements in the functional parameters of the patients.
In a different study including 10 patients with chronic coccydynia, four sessions of ESWT were performed 1-week apart (3000 shock waves per session of 2-bar pressure and 21-Hz frequency using a radial probe). The VAS score was assessed at the first, second, third, and fourth weeks after initiation of the treatment and at 1 and 6 months after the last ESWT session.
A significant decrease in the VAS score at 4 weeks (p = 0.007) and 2 months (p = 0.007) was observed; however, no significant decrease was detected at 7 months after the last ESWT session when compared with the baseline (p = 0.011) [6] . In our study, we applied a minimum of four and a maximum of 10 sessions of ESWT until the VAS score decreased to ≤ 3. The desired VAS score was obtained in 27 patients. Seventy-nine percent of the patients had successful results. There was no change in the VAS scores in five patients; these patients exhibited periodic well-being during the 10 sessions. However, their VAS scores still did not decrease to ≤ 3. We observed that recovery was still in progress at the follow-up session (at 6 months) (p = 0.0001). In our study, we followed a similar method to classify bone marrow edema according to the signal intensity increase. We did not observe any worsening of bone marrow edema in any patients. Severe regression (decrease of signal intensity) of bone marrow edema was observed in only two patients; however, there was no significant difference. Based on our results, ESWT does not worsen bone marrow edema. Thus, bone marrow edema shown on MRI may not be associated with the exact therapeutic effect of ESWT.
Our study has some limitations; retrospective, not blinded, not randomized. The study population was limited because of the low incidence of the disorder. Bone marrow and softtissue edemas were diagnosed on the basis of hyperintense signals on the short tau inversion recovery images. No repeatability study was undertaken for scoring the images. In addition, longer follow-up periods are required to determine the long-term results.
Conclusion
ESWT is a cost-effective treatment method with low rates of complication [9] . In our study, ESWT provided effective pain control for chronic coccydynia. To evaluate the efficacy of ESWT more accurately and sensitively, prospective randomized studies with longer followup periods are needed; these studies must compare the efficacy of ESWT at different energy 
